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10 

Application for Grant of U.S. Letters Patent 

TITLE: ROTATING PRISM COMPONENT INSPECTION SYSTEM 

15 FIELD OF THE INVENTION 

[0001] The present invention pertains to the field of 
inspection systems, and more particularly to a system and 
method for inspecting semiconductor devices that uses a 
20 rotating prism or other suitable devices to provide a 
changing view to a fixed view area. 
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BACKGROUND 

[0002] Component inspection systems are known in the art. 
Such component inspection systems use component image data to 
perform component inspection. The component image data can 
be analyzed using a variety of techniques to determine 
whether the component is acceptable or unacceptable. 
[0003] One requirement for such component inspection 
systems is that the pixel density for image data that is used 
to inspect the component must have a high enough resolution 
to identify non-conforming conditions. For example, if a 
potential defect is one micron in diameter, then the pixel 
resolution must be less than one micron in order to generate 
image data having a sufficient resolution to identify and 
analyze the defect. In order to obtain a sufficient level of 
resolution, it is common to move the camera or component that 
is being inspected, so as to cover two or more sections of 
the component. However, moving the component or camera is 
time consuming, and slows the inspection process. 
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SUMMARY OF THE INVENTION 
[0004] In accordance with the present invention, a system 
and method for component inspection are provided that 
overcome known problems with component inspection systems and 
5 methods . 

[0005] In particular, a system and method for component 
inspection are provided that use a rotating prism to provide 
a changing view to a camera, so as to allow the image data 
device to generate a higher resolution image of the component 

10 without the need for moving the camera or component. 

[0006] In accordance with an exemplary embodiment of the 
present invention, a system for inspecting a component is 
provided. The system includes a rotating prism having a 
first end and a second end. The first end receives a first 

15 image area, such as a circular view, and rotates about a 
center point so as to cover a field of view area that is 
larger than the first image area, such as a larger circle 
that is defined by the smaller circle of view as it rotates 
around the center point. The second end remains centered on 

20 the center point and provides a viewing area that does not 
change in dimension. An image data system at the second end 
of the rotating prism generates image data as the prism 
rotates so as to generate two or more sets of image data 
that are contained within the field of view area. 

25 [0007] The present invention provides many important 
technical advantages. One important technical advantage of 
the present invention is a system and method for inspecting 
components that utilizes a rotating prism or other suitable 
devices to allow a component to be inspected by gathering a 

30 number of image data sets, where each image data set is 
generated when the prism is at a different angular position. 
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In this manner, multiple detail images of the component can 
be generated without moving the component or camera. 
[0008] Those skilled in the art will further appreciate 
the advantages and superior features of the invention 
5 together with other important aspects thereof on reading the 
detailed description that follows in conjunction with the 
drawings . 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0009] FIGURE 1A is a diagram of system for performing an 
inspection in accordance with an exemplary embodiment of the 
present invention; 
5 [0010] FIGURE IB is a diagram of a component in a field 
of view in accordance with an exemplary embodiment of the 
present invent ion ; 

[0011] FIGURE 1C is a diagram of a lens apparatus that is 

used to focus image data at viewing area; 
10 [0012] FIGURE ID is a diagram of a light array disposed 

about a prism rotation system for a rotating prism; 

[0013] FIGURE 2 is a diagram of a system for inspecting 

components in accordance with an exemplary embodiment of the 

present invention; 
15 [0014] FIGURE 3 is a diagram of system for quadrant data 

analysis in accordance with an exemplary embodiment of the 

present invention; 

[0015] FIGURE 4 is a flowchart of a method for performing 
an inspection using a rotating prism in accordance with an 
20 exemplary embodiment of the present invention; and 

[0016] FIGURE 5 is a flowchart of a method for inspecting 
components in accordance with an exemplary embodiment of the 
present invention . 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
[0017] In the description that follows, like parts are 
marked throughout the specification and drawings with the 
same reference numerals, respectively. The drawing figures 
might not be to scale, and certain components can be shown 
in generalized or schematic form and identified by 
commercial designations in the interest of clarity and 
conciseness . 

[0018] FIGURE 1A is a diagram of system 100 for 

performing an inspection in accordance with an exemplary 
embodiment of the present invention. System 100 uses a 
rotating prism to generate image data over a field of view 
that is larger than a field of view of a camera, so as to 
allow components to be inspected without moving the 
component or the camera. 

[0019] System 100 includes rotating prism 102. Rotating 
prism 102 can be used to transfer an image from an image 
area 104 to a viewing area 106. Thus, a viewer at viewing 
area 106 will see an image of what is contained within image 
area 104, where this image can change as rotating prism 102 
rotates. It is noted that a viewer at image area 104 would 
be able to observe viewing area 106 through rotating prism 
102, but that this view would only be that of a rotating 
viewing area 106. In this manner, a field of view can be 
encompassed at viewing area 106 by rotating prism 102 that 
is larger than the field of view that can be directly 
covered by viewing area 106 without the aid of rotating 
prism 102. 

[0020] For example, image data system 110 can be used to 
directly generate image data for component inspection or for 
other suitable purposes. In this exemplary embodiment, 
component inspection can be performed by determining the 
pixel density required to inspect features of the component, 
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such as by determining the area that must be covered by each 
pixel in order to provide the required level of detail for 
recognition of damage or other conditions. If the number of 
pixels required to inspect an entire component is greater 
5 than the number of pixels generated by image data system 110 
at the desired level of detail, it would be necessary to 
move the component or image data system 110 in order to 
generate image data of the entire component. Rotating prism 
102 can be used to provide the image data of the entire 

10 component to image data system 110 without moving either 
image data system 110 or the component. In this manner, 
rotating prism 102 is rotated about an axis such that 
viewing area 106 remains in the field of view of image data 
system 110 but image area 104 rotates around and covers an 

15 area or field of view that encompasses the entire component. 
[0021] Rotating prism 102 includes prism rotation system 
108. Prism rotation system 108 can be disposed about 
rotating prism 102 , can be the device that holds rotating 
prism 102, can include motors or other motive devices, 

20 lighting elements, and other suitable components. Prism 
rotation system 108 is coupled to quadrant inspection system 
112, which is also coupled to image data system 110. 
Quadrant inspection system 112 and image data system 110 can 
be implemented in hardware, software, or a suitable 

25 combination of hardware and software, and can be one or more 
software systems operating on a general purpose processing 
platform. As used herein, a hardware system can include 
discrete semiconductor devices, an application-specific 
integrated circuit, a field programmable gate array or other 

30 suitable devices. A software system can include one or more 
objects, agents, threads, lines of code, subroutines, 
separate software applications, user-readable (source) code, 
machine -readable (object) code, two or more lines of code in 
two or more corresponding software applications, databases, 
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or other suitable software architectures. In one exemplary 
embodiment, a software system can include one or more lines 
of code in a general purpose software application, such as 
an operating system, and one or more lines of code in a 
5 specific purpose software application. As used herein, the 
term "couple" and its cognate terms, such as "couples" 
and "coupled," can include a physical connection (such as a 
copper conductor) , a virtual connection (such as through 
randomly assigned memory locations of a data memory device) , 

10 a logical connection (such as through logical gates of a 
semiconducting device) , other suitable connections, or a 
suitable combination of such connections. In one exemplary 
embodiment, systems and components are coupled to other 
systems and components through intervening systems and 

15 components, such as through an operating system. 

[0022] Image data system 110 generates image data for an 
area that corresponds to viewing area 106. In one exemplary 
embodiment, image data system 110 can include one or more 
lenses, picture element (pixel) arrays, and other suitable 

20 image data generation components. For example, image data 
system 110 can generate a 1024 x 1024 pixel array or 
suitable arrays for capturing the image presented in viewing 
area 106. 

[0023] Quadrant inspection system 112 controls the 
25 generation of image data by image data system 110 and the 
rotation speed of prism rotation system 108. In this 
manner, image data system 110 can be used to capture image 
data from a suitable number of areas that encompass the 
entire component being inspected. Depending on the field of 
30 view and the image area 104, one or more components could be 
inspected using system 100, such as where a first component 
is encompassed by the first half of the field of view, and a 
second component is encompassed by a second half of the 
field of view, where a component lies within each quadrant 
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of the field of view, or in other suitable configurations. 
[0024] Quadrant inspection system 112 can also 
accommodate for the angular displacement of image data 
generated by image data system 110. For example, features 
5 in the image data generated when rotating prism 102 is in a 
first position may have an angular displacement relative to 
features in image data that is generated when rotating prism 
102 is a second position. If rotating prism 102 is 
generating image data of quadrants of a die having straight 

10 rows of features that are being inspected, then the angular 
orientation of the features in the first quadrant image data 
can be 90 degrees displaced from the angular orientation of 
the features in the second quadrant image data. Quadrant 
inspection system 112 can rotate the image data, rotate the 

15 analysis frame, or otherwise compensate for changes in the 
angular orientation of data sets, so as to allow inspection 
of image data from different sections of the field of view 
to be performed irrespective of the angular orientation of 
features in such sections relative to features in other 

20 sections. 

[0025] FIGURE IB is a diagram of a component 120 in a 

field of view 122 in accordance with an exemplary embodiment 
of the present invention. Component 12 0 can be encompassed 
by field of view 122 by rotating image area 104 about axis 

25 124. If prism rotation system 108 is rotated in the 
direction of the arrow in FIGURE IB, then first quadrant 
image data, second quadrant image data, third quadrant image 
data, and fourth quadrant image data can be generated that 
correspond to quadrants of semiconductor die 120. Likewise, 

30 areas outside of semiconductor die 120 can also be 
encompassed, such that multiple semiconductor dies could be 
encompassed where the dies are small enough to fit within 
areas that fall outside of semiconductor die 120. In this 
exemplary embodiment, system 100 can be used to perform 
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inspection of all dies cut from a wafer, or other suitable 
components . 

[0026] FIGURE 1C is a diagram of a lens apparatus 126 
that is used to focus image data at viewing area 106. Light 
5 array 114 is shown disposed on prism rotation system 108, 
such that the lighting generated in image area 104 remains 
uniform regardless of the angle of rotation of prism 
rotation system 108. As shown, rotating prism 102 reflects 
light from image area 104, such that the field of view seen 
10 from viewing area 106 encompasses the entire field view, 
whereas the image area seen from image area 104 encompasses 
the focal point of lens apparatus 126. 

[0027] FIGURE ID is a diagram of a light array 114 

disposed about a prism rotation system 108 for rotating 
15 prism 102. As shown, light array 114 can include a partial 
array of LED Lights or other suitable lights that are used 
to maintain a constant lighting pattern regardless of the 
angle of orientation for prism rotation system 108 or 
rotating prism 102 . 
20 [0028] In operation, system 100 is used to perform 
inspection of one or more components. System 100 allows 
pixel densities to be obtained by using a rotating prism in 
a manner that allows an entire field of view to be inspected 
without moving the image data system or component. 
25 Likewise, multiple components can be inspected, such as dies 
cut from a semiconductor wafer, or other suitable 
inspections can be performed so as to avoid movement of an 
image data system or component . 

[0029] FIGURE 2 is a diagram of a system 200 for 

30 inspecting components in accordance with an exemplary 

embodiment of the present invention. System 200 includes 

prism rotation system 108, image data system 110, quadrant 

inspection system 112, prism rotation controller 202, image 

data acquisition control 204, and quadrant data analysis 
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system 206, each of which can be implemented in hardware, 
software, or a suitable combination of hardware and 
software, and which can be one or more software systems 
operating on a general purpose processing platform, 
[0030] Prism rotation controller 202 controls the speed 
of rotation for a rotating prism 102 in conjunction with 
prism rotation system 108. In one exemplary embodiment, 
prism rotation system 108 includes a support and associated 
motors or other motive devices that are used to control an 
angle of rotation or speed of rotation of a rotating prism. 
Prism rotation controller 202 can adjust the speed of 
rotation so as to correspond to an image data system 110 
frame generation rate or other suitable factors. 
[0031] Image data acquisition control 204 controls image 
data system 110 to generate image data at a rate that 
corresponds to the rate of rotation of prism rotation system 
108. In one exemplary embodiment, image data can be 
generated for quadrants, or for other suitable areas, such 
that image data acquisition control 204 causes an image data 
system 110 to capture image data presently in an area 
encompassed by viewing area 104. Image data acquisition 
control 204 receives prism rotation rate data from prism 
rotation controller 202, so as to ensure that the image data 
is generated in synchronization with the rotation of 
rotating prism 102. 

[0032] Quadrant data analysis system 206 receives the 
image data generated by image data system 110 and performs 
quadrant analysis on the data. In one exemplary embodiment, 
quadrant data analysis system 206 can also perform area 
analysis for areas corresponding to one-third of the 
circular field of view, one-fifth of the circular field of 
view, or the suitable areas. Quadrant data analysis system 
206 can identify features or items within a die or 
component, and can compensate for the degree or angle of 
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rotation from a reference point. In one exemplary 

embodiment, quadrant data analysis system 206 can identify 
such features in a component image data set without rotating 
the image set, can compensate the image data set for angular 
5 rotation, or can perform other suitable functions. 

[0033] In operation, system 200 allows a component such 
as a semiconductor die to be inspected where the level of 
detail that is required would otherwise require the die to 
be moved or the image data generation system to be moved to 

10 generate image data for the entire component. System 200 
controls a rotating prism in a manner that image data for 
the entire component can be generated without moving the 
image data generation system or the component, and further 
allows for angles of rotation to be compensated for, either 

15 by rotating the image data, rotating the inspection frame, 
identifying components or features of the image data 
regardless of the angle of orientation, or in other suitable 
manners . 

[0034] FIGURE 3 is a diagram of system 300 for quadrant 

20 data analysis in accordance with an exemplary embodiment of 
the present invention. System 300 includes quadrant data 
analysis system 206 and die identification system 302, 
feature identification system 304, and feature inspection 
system 306, each of which can be implemented in hardware, 

25 software, or suitable combination of hardware and software, 
and which can be one or more software systems operating on a 
general purpose processing platform. 

[0035] Die identification system 302 identifies one or 
more die quadrants or other die features from image data. 
30 In one exemplary embodiment, a semiconductor die can be 
inspected such that the known dimensions, angular 
orientation, size of the die, and features on the die can be 
used to determine the angular orientation of the die in a 
set of image data. Die identification system 302 thus 
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allows quadrants or other sections of the die to be 
identified based on die perimeter data or other suitable 
data . 

[0036] Feature identification system 304 identifies one 
or more features within a set of image data. In one 
exemplary embodiment, feature identification system 304 can 
be used in conjunction with die identification system 302, 
such as where feature locations are known relative to die 
perimeter data, die quadrant data, or other suitable data. 
Likewise, feature identification system 304 can locate 
features in sets of image data without regard to the angular 
orientation of each quadrant or other suitable data. In 
this exemplary embodiment, features having predetermined 
image parameters can be located using suitable image data 
analysis processes that do not require the angular 
orientation of the features within the image data to be 
known . 

[0037] Feature inspection system 306 receives feature 
image data from feature identification system 3 04 and 
performs feature inspection, component inspection, or other 
suitable inspections. In one exemplary embodiment, feature 
inspection system 306 can receive the image data directly 
and can analyze the image data to locate defects, such as 
where the defects have a known size, shape, color density, 
pixel brightness characteristic, or suitable parameters that 
allow feature inspection to be performed without previously 
identifying die perimeters, individual features within the 
die, or other suitable elements. Likewise, feature 

inspection system 3 06 can receive component image data from 
feature identification system 304, die identification system 
302, or other suitable systems, and can perform feature 
inspection based on previously-located die perimeters, 
components, or other suitable data. Likewise, other 
suitable processes can also or alternatively be used. 
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[0038] In operation, system 300 performs analysis and 
inspection of components and features using image data 
generated in conjunction with a rotating prism. System 300 
allows quadrants or other suitable sections of components, 
such as dies, to be inspected, such as by identifying 
outlines of the die or other components that are being 
inspected, by identifying features within the die, by 
identifying damaged areas, either with or without adjusting 
for the angular orientation of the features, or in other 
suitable manners . 

[0039] FIGURE 4 is a flowchart of a method 400 for 
performing an inspection using a rotating prism in 
accordance with an exemplary embodiment of the present 
invention. Method 400 begins at 402 where image data is 
received. In one exemplary embodiment, the image data can 
be received through a prism or other suitable devices that 
convey image data from a first area to a viewing area, such 
that rotation of the prism or other device will allow a 
larger field of view to be encompassed at the viewing area 
than would be encompassed directly from the viewing area 
with a predetermined pixel density and a predetermined pixel 
array size. The method then proceeds to 404. 

[0040] At 404 component edges are identified. In one 
exemplary embodiment, image data analysis can first require 
identification of component edges, such as die edges or 
suitable data that is used to align the image data. 
Likewise, if component image data is not required, then the 
method can proceed directly to 406. 

[0041] At 406 features within the component are 
identified. In one exemplary embodiment, the features can 
be identified based on a predetermined relationship of the 
features to one or more edges, based on known elements of 
the feature that allow the feature to be identified without 
previously identifying the component edges or the angular 
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orientation of the component or section of the component 
being analyzed, or in other suitable manners. Likewise, if 
identification of features within the component is not 
required, such as where defect identification can be 
5 performed based on known image data characteristics of 
defects, the method can proceed directly to 408. 
[0042] At 408 feature inspection is performed. In one 
exemplary embodiment, the features can be inspected after 
correcting for angular rotation, after locating the features 

10 relative to an edge, or in other suitable manners. In 
another exemplary embodiment, feature inspection can be 
performed by processing the image data to locate defects 
based upon known image data characteristics of such defects. 
Likewise, a suitable combination of processes can be used. 

15 The method then proceeds to 410. 

[0043] At 410 it is determined whether the inspection is 
complete, such as whether all quadrants of a die have been 
inspected, whether all features or components have been 
inspected, or whether additional image data is required. If 

20 the inspection is not complete then the method proceeds to 
412 where the prism or other device is rotated. In one 
exemplary embodiment, the prism can be rotated through four 
quadrants so as to generate an image of an entire 
semiconductor die. Likewise, other prism rotation angles 

25 can be used, all image data can be generated prior to 
performing element inspection such that prism rotation is 
not required, or other suitable procedures can be used. The 
method then returns 402. 

[0044] If it is determined at 410 that inspection is 
30 complete the method proceeds to 414 where the inspection 
results are output. In one exemplary embodiment, the 
inspection results can include a pass/fail indicator as to 
whether or not the component should be accepted or rejected, 
such as control data that causes a failed component to 
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marked or removed. Likewise, additional indicators can be 
provided, such as notification data that additional operator 
review is required or other suitable data. The method then 
proceeds to 416. 

[0045] At 416 the next component is moved to the 
inspection position. For example, the components can be on 
a movable support such that the next component can be moved 
into the inspection position by moving the support. 
Likewise, the camera can be on a movable support such that 
the camera is moved to the next component, or other suitable 
processes can be used. The method then returns to 402. 
[0046] In operation, method 400 is used to inspect 
components using a rotating prism or other suitable devices 
that allow the viewing area to be changed without moving the 
component, the camera, or otherwise taking actions that 
delay the inspection process. Method 400 can thus be used 
to increase the inspection speed, such as where moving the 
camera or component requires more time than rotation of a 
prism or other suitable devices. 

[0047] FIGURE 5 is a flowchart of a method 500 for 
inspecting components in accordance with an exemplary 
embodiment of the present invention. Method 500 begins at 
502 where the prism rotation speed or other suitable device 
rotation speed is set. In one exemplary embodiment, the 
prism rotation speed can be set based upon a maximum data 
generation rate of an image data device, camera or other 
suitable devices. Likewise, where the rotation speed is 
fixed, the method can proceed directly to 504. 
[0048] At 504 the camera image capture rate is set. In 
one exemplary embodiment, the camera image capture rate can 
be adjusted based on the rotation speed of the prism, can be 
calibrated or set to a predetermined rate, or other suitable 
processes can be used to set the image capture rate. The 
method then proceeds to 506. 
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[0049] At 506 image data is received. The image data can 
include two or more sets of image data that encompass one or 
more components. In one exemplary embodiment, a separate 
set of image data can be generated in sequence for each of 
four quadrants of a single die as a rotating prism rotates 
through each of the quadrants, and can be received at 506. 
In another exemplary embodiment, where an entire 
semiconductor wafer has been cut into dies and is being 
inspected, a suitable number of image data sets can be 
generated to cover all dies. Likewise, other suitable 
processes can be used. The method then proceeds to 508. 
[0050] At 508, image data is analyzed. In one exemplary 
embodiment, image data is analyzed by first locating edges 
of a die or component, then by locating features within the 
image data relative to the edges, and then by inspecting 
each component individually. Likewise, the image data can 
be analyzed by looking for predetermined defect identifiers 
in the image data sets, by identifying components based upon 
known component image data relationships without correcting 
for angular displacement, or in other suitable manners. The 
method then proceeds to 510. 

[0051] At 510 it is determined whether the image data is 
acceptable. If it is determined at 510 that the image data 
is acceptable, the method proceeds to 512 where the next 
component is moved into position. In one exemplary 

embodiment, a component support can be moved, the camera can 
be moved, or other suitable processes can be used. The 
method then returns to 506. 

[0052] If it is determined at 510 that the image data is 
not acceptable, the method proceeds to 514 where indication 
data is generated. In one exemplary embodiment, the 
indication data can be a pass/fail indication, an indication 
that the component should be manually inspected, or other 
suitable indication data. The method then proceeds to 512 
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where the next component is moved into place. Likewise, the 
questionable or defective component can be removed, such as 
by using a pick and place tool or other suitable devices. 
[0053] In operation, method 500 allows component 
inspections to be performed using a rotating prism or other 
suitable devices, so as to increase the inspection area for 
inspections performed at a given pixel density without 
requiring the camera or component to be moved. Method 500 
further allows the angular displacement for such sets of 
image data to be compensated for. 

[0054] Although exemplary embodiments of a system and 
method of the present invention have been described in detail 
herein, those skilled in the art will also recognize that 
various substitutions and modifications can be made to the 
systems and methods without departing from the scope and 
spirit of the appended claims . 



015113.0064 DALLAS 602656 vl 



18 



